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Highlights 
1, The aggregated polyglutamine induced neurite retraction of neuron-like cells. 
2, The aggregated polyglutamine led to deficits in neuron-like differentiation. 
3, FEL irradiation restored the retraction and the disturbed differentiation. 
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Abstract 
Proteins containing an expanded polyglutamine tract tend to aggregate, leading to the 
neuronal damage observed in polyglutamine diseases. We recently reported that free 
electron laser (FEL) irradiation markedly dissociates naked polyglutamine aggregates as 
well as the aggregate in the 293T cells. In the present study, we investigated whether FEL 
irradiation of neuron-like cells with polyglutamine aggregates would restore the cellular 
damage and dysfunction. The aggregated polyglutamine peptides induced neurite 
retraction of differentiated SH-SY5Y cells. Upon FEL irradiation, the polyglutamine 
aggregates in the SH-SY5Y cells were dissociated, and the shorter length of individual 
neurite, fewer number of neurites per cell and shorter total length of neurite by 
polyglutamine were inhibited. Same results were essentially obtained in PC12 cells. 
Moreover, when FEL irradiation was applied to undifferentiated SH-SY5Y cells, the 
deficits in neuron-like differentiation seen in expanded polyglutamine peptide-containing 
cells were also rescued. Thus, FEL irradiation restored both the damage and 
differentiation caused by polyglutamine in neuron-like cells. 
 
Abbreviations: FEL, free electron laser; polyQ, polyglutamine; SCA, spinocerebellar 
ataxia; TH, tyrosine hydroxylase 
 
Keywords: free electron laser; polyglutamine disease; neurite 
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1.Introduction 
Polyglutamine (polyQ) diseases constitute a subgroup of neurodegenerative disorders in 
which the causative proteins have expanded polyQ stretches and exhibit neuronal toxicity 
[28]. The inherited genetic mutations of CAG repeats in the causative genes produce long 
polyQ tracts in the corresponding causative proteins [27], which is a common feature 
shared by multiple polyQ diseases. The repeat lengths of polyQ in huntingtin, the 
causative protein of Huntington’s disease, are longer than 40 repeats, whereas those in 
normal subjects are 5–35 repeats [21]. In addition to Huntington’s disease, spinal and 
bulbar muscular atrophy [17] and spinocerebellar ataxia (SCA) [27] are polyQ diseases 
and have the same pathogenesis. The signs and symptoms of each polyQ disease depend 
on the brain regions where the degeneration is observed. For instance, motor deficits such 
as cerebellar motor incoordination, signs of corticospinal tract dysfunction, 
extrapyramidal signs and oculomotor disturbances are seen in SCA2, which affects the 
cerebellum, pons, basal ganglia and cerebral cortex [33]. SCA1, which affects the spinal 
cord as well as areas of the brain such as the brainstem, cerebellum and hippocampus, 
also shows peripheral neuropathy [25]. 
 The mechanisms by which neuronal dysfunctions are induced in neurodegenerative 
disorders are generally classified into “loss of normal functions” and “toxic gains of 
functions” [8, 18]. “Toxic gains of functions” mainly contribute to the pathogenesis of 
polyQ diseases [31]. The neuronal toxicity that exerts “toxic gains of functions” is 
conferred by misfolded expanded polyQ proteins.  
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 The misfolded proteins exhibit a beta-sheet secondary structure. In the search for a 
potential therapeutic target, we recently proved that a mid-infrared free electron laser 
(FEL) [6, 10, 34] dissociated naked aggregates formed by a 69-glutamine repeat polyQ 
peptide (69Q) [13]. Further inspection with secondary structure analysis revealed that the 
FEL reduced the amount of 69Q beta-sheet structure in 293T cells.  
 Given the findings above, we hypothesized that dissociation of expanded polyQ 
aggregates in neuron-like cells by FEL might suppress the toxicity exerted by the polyQ 
mutation. We mimicked the neurodegeneration of polyQ diseases and examined the 
resulting neurite retraction in differentiated SH-SY5Y and PC12 cells. 69Q led to a 
substantial neurite retraction of the differentiated cells. During the stage before 
differentiation, 69Q also disturbed the neurite outgrowth in undifferentiated cells. Thus, 
69Q exerted toxicity during both mature and undifferentiated stages. In the present study, 
the effects of FEL irradiation on this toxicity were investigated.  
 
2.Materials and methods 
2.1.Differentiation of cultured cells 
SH-SY5Y and PC12 cells were purchased from ATCC and RIKEN BRC, respectively. 
These cells were cultured in MEM containing 20 % fetal bovine serum (FBS) and 1 % 
penicillin-streptomycin mixed solution at 37°C with 5 % CO2. 
 Before the differentiation, SH-SY5Y cells were plated on micro cover glass coated with 
30 µg/ml laminin (Wako, Osaka, Japan) in 24-well plates at densities of 3.4 x 103 or 5.0 
x 103 cells/cm² per well. Then, the cells were differentiated in DMEM containing 1 % 
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FBS and all-trans-retinoic acid (RA) (20 µM) (Wako, Osaka, Japan). 
 PC12 cells on micro cover glass coated with 30 µg/ml laminin in 24-well plates at 
densities of 4.0 x 103 or 1.0 x 104 cells/cm2 per well were differentiated in DMEM/F12 
containing 0.25 % BSA and 50 ng/ml NGF.  
  
2.2.Polyglutamine aggregates 
Fluorescently labeled peptides with 15- and 69-polyglutamine (polyQ) repeats were 
synthesized, the purity of which was more than 95 % (Bio-Synthesis Inc., Lewisville, 
TX). The sequences were 5,6-TAMRA-KKQQQQQQQQQQQQQQQKK-CONH2 and 
5,6-TAMRA-
KKQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ
QQQQQQQQQQQQQQQQQQQQQQKK-CONH2, respectively. The peptides were 
added to the cells at a concentration of 1.875, 7.5 or 30 µg per bottom area (cm2) of the 
well in culture plates after differentiation or were added to the undifferentiated cells. 
 
2.3.FEL irradiation 
The principle and condition of the free electron laser (FEL) system developed at the 
Tokyo University of Science were reported previously [14]. Briefly, synchrotron radiation 
was produced from accelerated electrons in the tangential direction. The wavelength of 
the FEL covered from 5.0 to 10.0 µm (1,000 – 2000 cm-1).   
 A He-Ne beam with the spot size of ca. 0.5 cm in diameter was used to adjust the point 
of irradiation just above the cells in a 24-well plate before the FEL irradiation. The 
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irradiation was done for 25 min at room temperature. The applied wavelength was 6.08 
µm. The volume of the culture medium in the 24-well plate was adjusted to 250 µl during 
irradiation. 
 
2.4.Immunofluorescence staining 
Immunofluorescence staining was carried out essentially as described [24]. Briefly, cells 
were fixed with 4 % paraformaldehyde in PBS for 10 min and were washed 3 times in 
PBS for 5 min. Antigen unmasking was done using 2N hydrochloric acid for 30 min. 
After the cells were washed with PBS for 1 min, the cells were treated with 0.3 % 
hydrogen peroxide in PBS for 5 min and washed in PBS for 2 min. Following incubation 
with 1 % blocking buffer (Tyramide signal amplification kit; ThermoFisher Scientific, 
Waltham, MA) for 30 min, the cells were incubated with an anti-tyrosine hydroxylase 
(TH) antibody (Merck Millipore, Burlington, MA) in the same 1 % blocking buffer (1: 
500) at 4°C overnight. The cells were then incubated with biotin-conjugated anti-rabbit 
IgG in the 1 % blocking buffer and streptavidin-HRP (1: 400)(ThermoFisher Scientific, 
Waltham, MA) for 1 hour at room temperature. Finally, the cells were treated with 
tyramide Alexa Fluor 488 solution (1: 100)(Tyramide Signal Amplification kit; 
ThermoFisher Scientific, Waltham, MA) containing 0.0015 % hydrogen peroxide for 10 
min at room temperature. The cells were washed 3 times in PBS after each step. The 
stained cells were mounted, and the fluorescence signals were detected with a confocal 
microscope (LSM880, ZEISS, Oberkochen Germany) or fluorescence microscope 
(Keyence, Osaka, Japan).  
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2.5.Quantification of cultured cells 
Quantification of the length of individual neurite, total length of neurites originated from 
a cell and the number of neurites per cell was done using unstained cells by two observers. 
Since 1.0 µm was the shortest limit to precisely measure the neurite length using ImageJ 
software, processes longer than 1.0 µm were selected. Also, we chose the cells that are 
distant enough from their adjacent cells. The two observers measured a length of each 
neurite to yield the total length of neurites per cell. They also counted the number of 
neurites originated from a cell. The area of the aggregates inside the cells was randomly 
quantified using ImageJ software.  
 The data were expressed as the mean  S.E.M. Statistical analysis was employed using 
ANOVA followed by Games-Howell post hoc test or Student t-test. P values less than 0. 
05 were regarded as statistically significant.  
 
3.Results 
3.1.Expanded polyQ peptides induce neurite retraction in differentiated SH-SY5Y 
cells 
SH-SY5Y cells begin to extend processes after the induction of differentiation with RA. 
We first wanted to determine the time point of the maximum outgrowth of neurites. We 
quantified the length of individual neurite (Supp. Fig. 1A), number of neurites (Supp. Fig. 
1B) and total length of neurites per cell (Supp. Fig. 1C) from day 4 to day 6 in the presence 
or absence of RA. Addition of RA promoted neurite outgrowth, as evidenced by longer 
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individual neurite, greater number of neurites and longer total length of neurites except 
for number of neurites on day 4 (Supp. Fig. 1A-C), indicating that RA induced 
differentiation. Notably, total length of neurites per cell of differentiated cells was 
significantly increased from day 4 to day 5, whereas they were not different between day 
5 and day 6 (Supp. Fig. 1C). The results imply that the neurites no longer extended after 
day 5. Therefore, we decided to differentiate the SH-SY5Y cells for more than 5 days in 
the following analyses, except when FEL was applied to undifferentiated cells.    
 Upon aggregation, multiple amyloidogenic proteins such as amyloid beta, tau, alpha-
synuclein and TDP-43 can cross cell membranes and enter cells with prion-like behavior 
(reviewed in [2]). A previous report demonstrated that synthetic polyQ peptides can also 
be taken up by Cos7 and PC12 cells [36].    
 Fluorescence-labeled synthetic polyQ peptides with 69 glutamine repeats spontaneously 
aggregate in aqueous solution [13]. To confirm the internalization of 69Q into SH-SY5Y 
cells, we added fluorescence-labeled 69Q into the culture medium. Supp. Fig. 1D shows 
aggregates of 69Q and their internalization into SH-SY5Y cells, as evidenced by Z-stack 
confocal images of every 1.0 m. We then sought to determine the optimal concentration 
of 69Q at which almost 50 % of the SH-SY5Y cells took up the 69Q aggregates. Among 
1.875, 7.5 and 30 µg per bottom area (cm2) of the well in culture plates, 7.5 µg/cm2 
resulted in an internalization with a frequency of 50 % the next day (Supp. Fig. 1E). 
Therefore, we decided to apply this concentration of 69Q in the following analyses.    
 We previously reported that FEL irradiation at 6 µm dissociated 69Q aggregates in 293T 
cells, as demonstrated by infrared microscopy and electron microscopy [13]. We first try 
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to confirm that FEL irradiation dissociate the 69Q aggregates in SH-SY5Y cells as well. 
One day after the addition of 69Q aggregates into differentiated SH-SY5Y cells, FEL 
irradiation at 6.08 µm was applied to the cells. We found a reduction in the size of the 
aggregates in the cells after irradiation compared to that of the non-irradiated aggregates 
in the cells (Supp. Fig. 2A). Quantitative data revealed a significant smaller area of the 
aggregates in the irradiated cells than those in non-irradiated cells (Supp. Fig. 2B). The 
size of the aggregates outside the cells was not changed by FEL because the aggregates 
are fixed on micro cover glass coated with laminin (data not shown). For comparison, we 
also applied pulsed electromagnetic field stimulation to SH-SY5Y cells with 69Q 
aggregates because the stimulation was previously reported to induce neurite extension 
in PC12 cells [16]. However, the stimulation did not change the size of 69Q aggregates 
in SH-SY5Y cells (data not shown). Thus, FEL irradiation specifically dissociated polyQ 
aggregates in cells, which allowed us to test the effect of the FEL-induced dissociation of 
polyQ aggregates on neurite formation.  
We next tested whether 69Q induces neurite retraction in differentiated SH-SY5Y cells. 
After 6 days of differentiation, 69Q was introduced into the culture media. As a control, 
we also included the same concentration of a synthetic polyQ peptide with 15 glutamine 
repeats (15Q) in the media. The fluorescence-conjugated 15Q did not form any detectable 
aggregates (Fig. 1A). In contrast, the fluorescence-labeled 69Q peptide aggregated 
promptly (Fig. 1A). The cells were cultured for an additional 4 days in the presence of 
the 15Q or 69Q peptides. Since SH-SY5Y cells express TH [15], the cells were 
occasionally fluorescently stained with an antibody against TH to facilitate detection of 
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the fluorescence-labeled 69Q in the cells. The length of individual neurite of cells and 
the number of neurites given 15Q were not significantly changed compared to the cells 
without the addition of a polyQ peptide (Fig. 1B, C). However, 15Q led to a significantly 
shorter total length of neurites per cell (Fig. 1D). Remarkably, 69Q had a stronger effect 
on the retraction. In cells with 69Q aggregates (Fig. 1A), the length of individual neurite 
was much shorter than the control cells (Fig. 1B). Likewise, the number of neurites per 
cell was fewer (Fig. 1C) and total length of neurites (Fig. 1D) was shorter than those in 
the control cells. Significant differences in the number of neurites (Fig. 1C) and total 
length of neurites (Fig. 1D) were also seen between cells cultured with 15Q and 69Q. 
These results suggest a repeat length-dependent effect on neurite retraction and therefore 
we decided to use 69Q to examine whether FEL irradiation influences neurite retraction 
induced by 69Q. 
  
3.2.FEL irradiation restores neurite retraction induced by expanded polyQ peptide 
in differentiated SH-SY5Y and PC12 cells 
The differentiated SH-SY5Y cells with or without 69Q were given FEL irradiation or left 
untreated and were cultured for an additional 3 days (Fig. 1E). In differentiated SH-SY5Y 
cells not exposed to 69Q (Fig. 1F), FEL irradiation at 6.08 µm did not change the length 
of individual neurite (Fig. 1G) and the number of neurites (Fig. 1H). However, the 
irradiation significantly reduced the total length of neurites (Fig. 1I).  
 When the cells were irradiated with FEL at one day after the addition of 69Q (Fig. 1E), 
the length of individual neurite (Fig. 1G) and total length of neurites (Fig. 1I) were 
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significantly longer than those in the non-irradiated cells with 69Q. Notably, the length 
of individual neurite (Fig. 1G) and total length of neurites (Fig. 1I) in FEL-treated cells 
with 69Q aggregates were not significantly different from cells without 69Q aggregates 
(Fig. 1G, I). Although the number of neurites increased after irradiation, the level was 
still significantly fewer than that of cells without 69Q aggregates (Fig. 1H).  
 To determine whether the effects above were specific to SH-SY5Y cells or also observed 
in another neuron-like cell, we further extended the analysis to differentiated PC12 cells 
using the same protocol as that used for SH-SY5Y cells (Fig. 2A). For PC12 cells, FEL 
irradiation itself did not lead to neurite retraction. The length of individual neurite (Fig. 
2C), the number of neurites (Fig. 2D) and the total length of neurites (Fig. 2E) were 
comparable between non-irradiated and irradiated cells without 69Q. When FEL 
irradiation was applied to PC12 cells with 69Q, the length of individual neurite (Fig. 2C), 
the number of neurites (Fig. 2D) and the total length of neurites (Fig. 2E) significantly 
increased to the levels comparable to those without 69Q aggregates (Fig. 2C-E).   
  
3.3.FEL irradiation restores the disturbed differentiation of SH-SY5Y cells induced 
by expanded polyQ aggregates  
The above data were collected from completely differentiated cells. We finally focused 
on the stage before differentiation. We cultured undifferentiated cells with 69Q and 
induced differentiation 5-8 hours later by adding RA to SH-SY5Y cells (Fig. 3A). Then, 
the cells were cultured for an additional 3 days. FEL irradiation did not change the length 
of individual neurite (Fig. 3C). However, the irradiation significantly reduced the number 
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of neurites (Fig. 3D) and the total length of neurites (Fig. 3E). Without FEL irradiation, 
SH-SY5Y cells (Fig. 3B) with 69Q displayed shorter length of individual neurite (Fig. 
3C), fewer number of neurites (Fig. 3D) and shorter total length of neurites (Fig. 3E) than 
the corresponding cells without 69Q. These results suggest that 69Q aggregates inhibited 
the neuron-like differentiation of SH-SY5Y cells. 
 When undifferentiated cells were irradiated at 5-8 hours after the addition of 69Q and 
were differentiated for 3 days (Fig. 3A), however, FEL irradiation significantly increased 
the length of individual neurite in SH-SY5Y cells compared to those in non-irradiated 
cells with 69Q (Fig. 3C). The number of neurites was also significantly increased by FEL 
irradiation in SH-SY5Y cells (Fig. 3D). Finally, the total length of neurites in SH-SY5Y 
cells were significantly longer than those in non-irradiated cells with 69Q (Fig. 3E). 
Collectively, FEL irradiation restored the differentiation inhibited by 69Q in SH-SY5Y 
cells. 
 
4.Discussion 
PolyQ aggregates exert toxic effects on neurons. Regarding the effect of polyQ aggregates 
on differentiated neuron-like cells, even the shorter 15Q led to shorter total length of 
neurites per cell in SH-SY5Y cells to a lesser extent than 69Q. 69Q substantially 
shortened the neurites in the cells. The neurite retraction induced by 69Q reflects the 
neurodegeneration observed in polyQ diseases. The length-dependent toxicity of polyQ 
has also been reported in a previous study [5].  
In addition to neurodegeneration, polyQ aggregates seem to be implicated in stem cell 
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function. This idea is exemplified by an observation that SCA1 knock-in mice with an 
expanded polyQ region in ATXN1 showed a reduction in neural stem cell proliferation in 
the adult [4]. Thus, we also assessed the effect of 69Q during the stage before neuron-like 
differentiation. 69Q also inhibited the elongation of neurites in SH-SY5Y cells. This 
observation is consistent with a previous report in which stably transfected N2a cells 
expressing soluble amino-terminal fragments of huntingtin with a 150-glutamine repeat 
exhibited a deficit in neurite outgrowth [37].  
So far, no effective treatments for polyQ diseases have been presented. For ongoing 
studies for the treatment of polyQ diseases, correction of the structure of polyQ 
aggregates is one strategy being pursued (reviewed in [31]). Chemical compounds, 
antibodies and peptides bound to polyQ peptides inhibit their aggregation [1, 22, 35]. In 
addition, the quality control of the folding and degradation of polyQ peptides has been 
manipulated [9, 32].  
However, we have been working on the beta-sheet structure of the aggregates because 
the beta-sheet polyQ aggregates are toxic [31]. After the formation of the beta-sheet 
structure in a monomer state, polyQ proteins assemble to form more complex oligomers 
and fibrils [23]. Moreover, accumulating evidence suggests that oligomers are more toxic 
than more complex inclusion bodies and fibrils [20]. In this context, promoting a 
reduction in beta-sheet structure in polyQ-containing proteins is a reasonable therapeutic 
strategy.  
 We focused on the use of infrared light in the amide I band (6.0-6.2 m) using FEL to 
reduce the amount of beta-sheet structure. Absorption of multi-photon energy into the 
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amide bonds is assumed to cleave the hydrogen bonds between beta sheets [11, 12, 26]. 
Although FEL irradiation has been used for ablation of tissues [6, 10, 34], the discovery 
that the mid-infrared light dissociates aggregates of keratin and insulin [11, 14] motivated 
us to apply it to polyQ aggregates. Indeed, FEL irradiation decreased the percentage of 
69Q beta-sheet structure in 293T cells [13]. Of note, the effect of heating, a possible side 
effect of FEL irradiation, was negligible because the increase in the temperature of the 
sample during irradiation was less than 1°C [13]. However, we cannot rule out a 
possibility that absorption of the radiation by proteins could cause unidentified other 
potential side effects. The current data further our previous findings and provide evidence 
that dissociation of polyQ aggregates by FEL irradiation reverses the toxicity elicited by 
the aggregates in two neuron-like cell lines.  
As the mechanism of the protective effects of FEL on neurite retraction by polyQ, 
reduction in beta-sheet structure and other factors might synergistically act. The 
candidates for the factors are functions of mitochondria, reactive oxygen species and 
transcription factors because these were restored by low-level laser irradiation using near-
infrared light (reviewed in [3]), which rescued neurons loss and dendritic atrophy in 
culture and in AD model animals [7, 19, 29, 30]. 
 Due to the neuronal cell death observed in neurodegeneration, a future study should 
investigate whether polyQ-induced cell death can be rescued by FEL irradiation. SH-
SY5Y and PC12 cells with long polyQ in the cytoplasm do not show substantial cell death 
during short periods of cell culture. The establishment of cells with polyQ present in the 
nucleus might be an appropriate model to test this hypothesis. In this study, we 
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demonstrated the restorative effect of FEL irradiation using polyQ but not any causative 
proteins for polyQ diseases. Therefore, the same study using causative molecules with an 
expanded polyQ repeat should be performed.  
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Figure legends 
Fig. 1. FEL irradiation suppresses neurite retraction induced by expanded polyQ 
aggregates in differentiated SH-SY5Y cells 
(A) Representative images of immunostained differentiated SH-SY5Y cells with or 
without TAMRA-conjugated 15Q or 69Q (red) with the anti-TH antibody (green). (B-D) 
Quantification of the length of individual neurite (n = 100, 75 and 34 for control, 15Q, 
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and 69Q, respectively)(B), the number of neurites per cell (n = 31, 30 and 30 for control, 
15Q and 69Q, respectively)(C) and total length of neurites (n = 31, 30 and 30 for control, 
15Q, and 69Q, respectively)(D).  
(E) Time schedule of differentiation, addition of polyQ and FEL irradiation.  
(F) Immunostaining of differentiated SH-SY5Y cells with or without TAMRA-
conjugated 69Q (red) and FEL irradiation with the anti-TH antibody (green).  
(G-I) Quantification of the length of individual neurite (n = 100, 78, 34 and 61 for cells 
without 69Q and FEL, cells with FEL, cells with 69Q and cells with 69Q and FEL, 
respectively)(G), the number of neurites per cell (n = 31, 29, 30 and 30 for cells without 
69Q and FEL, cells with FEL, cells with 69Q and cells with 69Q and FEL, respectively) 
(H) and total length of neurites (n = 31, 29, 30 and 30 for cells without 69Q and FEL, 
cells with FEL, cells with 69Q and cells with 69Q and FEL, respectively)(I). Arrowheads 
indicate 69Q aggregates in the cells. Scale bars, 20 µm. ANOVA, *p < 0.05; **p < 0.01. 
 
Fig. 2. Suppression of expanded polyQ-induced neurite retraction by FEL in 
differentiated PC12 cells 
(A) Time schedule of onset of differentiation, addition of polyQ and FEL irradiation.  
(B) Representative single and merged immunostaining images from PC12 cells with or 
without TAMRA-conjugated 69Q (red) and FEL irradiation with the anti-TH antibody 
(green).  
(C-E) Quantification of the length of individual neurite (n = 74, 89, 21 and 73 for cells 
without 69Q and FEL, cells with FEL, cells with 69Q and cells with 69Q and FEL, 
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respectively)(C), the number of neurites per cell (n = 30 each for cells without 69Q and 
FEL, cells with FEL, cells with 69Q and cells with 69Q and FEL, respectively)(D) and 
total length of neurites (n = 30 each for cells without 69Q and FEL, cells with FEL, cells 
with 69Q and cells with 69Q and FEL, respectively)(E). Arrowheads indicate 69Q 
aggregates in the cells. Scale bar, 50 µm, ANOVA, **p < 0.01. 
 
Fig. 3. FEL irradiation of undifferentiated SH-SY5Y cells restores the neuron-like 
differentiation inhibited by expanded polyQ aggregates 
Undifferentiated SH-SY5Y cells with or without TAMRA-conjugated 69Q (red) were 
irradiated or left untreated. Then, these cells were stimulated for differentiation for 3 days. 
Detailed time schedule of the cell culture is shown in (A). The length of individual neurite 
(n = 101, 73, 33 and 80 for cells without 69Q and FEL, cells with FEL, cells with 69Q 
and cells with 69Q and FEL, respectively)(C), number of neurites per cell (n = 30, 33, 31 
and 30 for cells without 69Q and FEL, cells with FEL, cells with 69Q and cells with 69Q 
and FEL, respectively)(D) and total length of neurites (n = 30, 33, 31 and 30 for cells 
without 69Q and FEL, cells with FEL, cells with 69Q and cells with 69Q and FEL, 
respectively)(E) were quantified using images of these cells. The cells were occasionally 
stained with the anti-TH antibody (green)(B). Arrowheads indicate 69Q aggregates in the 
cells. Scale bars, 20 µm, ANOVA, **p < 0.01. 
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